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Sir: 

We. Daniel Yellin and Kobby Pick, hereby declare that: 

1 . We are both citizens of Israel which, as we were informed by our patent 
counsel, is a WTO member country. At the time of conceiving and reducing to 
practice the above identified invention, we were residing in Israel. 

2. We are the named inventors of the subject matter of the above-captioned 
application, as originally declared in the combined declaration and power of attorney. 



3. We were both employed by Intel Corporation of Santa Clara, California, the 
original assignee, during the time the invention was conceived and the patent 
application was filed. 



4. To the best of our recollection, and as refreshed by attached Exhibit A and 
Exhibit B, the subject invention was conceived on or prior to March 1 1 , 2003. 



Attorney Docket No. MP 1 493-1 5 1 668 Declaration 
under 37 C.F.R. § 1.131 

Exhibit A is a copy of an e-mail dated March 1 1 , 2003, which we sent to our 
supervisor in Intel to which we attached an "Intel Invention Disclosure Form," which 
is dated January 1, 2003. Exhibit B is a copy of the Intel Invention Disclosure Form 
that was attached to Exhibit A. 

6. As may be seen in Exhibit A, we requested our supervisor, Doron Rainish, to 
approve and forward our patent disclosure. To the best of our recollection, our 
patent disclosure was indeed approved by Mr. Rainish and forwarded to Intel's 
patent committee as requested, and it was ultimately approved by Intel's patent 
committee for filing as a patent application. 

7. We additionally declare that we worked diligently with our colleagues in Intel 
and with our outside patent counsel during the period between March 1 1 , 2003, 
when we sent our e-mail that is shown in Exhibit A, and the filing date of the above- 
captioned application on December 15. 2003, to constructively reduce our invention 
to practice. 
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Attorney Docket No. MP 1 493 - 1 n 1 668 LXx:larat ion 

under 37 6.1 .R. § 1.131 

We further declare that all statements made herein of our own 
knowledge are true and that all statements made on information and belief are 
believed to be true; and further that these statements were made with the 
knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code, and that such willful false statements may jeopardize the validity 
of the above-identified patent application or any patent issued thereon. 

Executed by and on the date(s) as set forth below: 



By: 



Daniel Yellin 



By: 



Kobby Pick 
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Michael Faibisch 



YELLIN, DANIEL 

Tuesday, March 11, 2003 10:56 AM 

Rafnish, Doron 

Pick, Kobby 

FW: Patent Disclosure 



importance: High 
Attachments: 



Doron this is the frac-n patent disclosure see below they want you to forward it 
So please approve and follow their guidelines. Thanks. Danny 



— Original Message 

From: Boulden, Janice 

Sent: Tuesday, March II, 2003 12:03 AM 

To: Pick, Kobby 

Cc: YELLIN, DANIEL 

Subject; RE: Patent Disclosure 



You will need to send this disclosure through your manager for approval. 
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Cc: YELLIN, DANIEL; Pick. Kobby 
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INTEL INVENTION DISCLOSURE 

DATE I January. 2003 ATTORN EY-CLIENT PRIVILEGED COMMUNICATION 

mvenZ'fnr nliM " rr aCCUrale deUi , !ed information o» this f °™- The information will be used to evaluate your 
ZZ ZZ » P , iS i« V™ r tenl 3 PP ,1Cati0 "- Whcn «™Pl=ted and signed, please return this form to the Le^ 
Department at JF3-147. If you have any questions, please call 264-0444. 

1. 

Inventor: Yellin Daniel 

Last Name First Name 

Phone, 972-3.92Q7.g7 ^ WS: _ Fax# 972-3-9207500 

Citizenship: Israeli WWID: I07g7418 " 

inventor E-Mail Address: Daniel.Yellin@intel.com 

Home Address: 71 Herzel Street 

Cirv Raanana 



♦Corporate Level Group (e.g. iABG, NCG. CEG) WCCG _ 
Supervisor* Doron Rainkh WWID 



. Country Israel 




Phone 972-3-9207229 M/S:_ 
Fan # 972-3-9207^0 



Inventor E-Mail Address: Kobbv.Piclc@intel.« 
Home Address: _ 



Contractor YES 



°* -Batik. ■ s ™ Zip 71700 Country Israel 

-Corporate Level Group (e.g. iABG, NCG, CEG) WQCQ Division PCG Subdivision. 
SUpCrVU ° r * banielYe " in WWID_107E415 Phone 972-3-9207 i 87 M/ S 



*If you are unsure of this information, please discuss with your manager. 
(PROVIDE SAME INFORMATION AS ABOVE FOR EACH ADDITIONAL INVENTOR) 

2. Title of Invention: WW <o Design Digital Prr.Fil„ r for SiPma -r>„ a 



4 '"c^S^ 



5. Stage of development (i.e. % complete, simulations done, test chips if any, e 



6. (a) Has a description of your invention been, or will it shortly be. published outside Intel: 

N0: -* YES; ,fYES . wa s*an>anuscriptsubmittedforpre.publi:ationa PP roval? _ 



IDENTIFY THE PUBLICATION AND THE DATE PUBL1SHED:_ 



an been used/sold or planned to be used/sold by Intel or others? 
YES: X DATE WAS OR WILL BE SOLD: Afflmlin r ,o 3-Pnin, Millcrcra,* A^,„^...,..,„ 



Name of SIG/Standarc'/Specificalion: . 



(d) If the invention is embodied in a semiconductor device, actual or anticipated date of tapeoul? A 
Ahwalukce schedule* r ^ c 



(e) If the invention is software, actual or anticipated date of any beta tests outside Intel _ 



7. Was the invention conceived or construed in collaboration with anyone other than an Intel blue badge employee 
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[S " 5?; - H : IT 3 - d ™* J™ "feline A PP roach ** ^ Fractional^ Frequency Synthesizers Allowing Straightforward 
Noise Analysis\ffiEfiy 0 iifiia/o/s 0 /i ( f^ te< ,a re( , te> vol. 37, pp 1028-1038^ ugust2002 
] sJS^S" 703 ' ,,DiSital C ° mpensation for Wideband Modulation of Phase-Locked-Loop Frequeacy 

Background 

Fractional N sigma-deiu modulation is gaining significant interest in the cellular industry as this is a very cost-effective architecture 
Ehno 6 .^^ dT P t y^™^ si ^- In »» future GSM/GPRS/EDTJE chipsets thatle investigated SJSS 
-Sl^y ! )l ^ ' dea " t0 CmpI ° y P° lar m0dulati0D ' ^ 10 ** ^ instantaneous 

Z c Il £ ST"* (rathCr * a " l ° thC ClaSSICa ' 1 & Q «™*>™»* ™* Adulate these component 
independently. While the amplitude path uses some sort of plain AM modulation technique, the phase path uses the PLL as thf ohase 
modulator. As explained in [SI]-[S2] , the key difficult with this approach is that the Pli barl Ku sZ qui^tm" Uo a low 

SSSltTS?^^? 1 f" th r, aCtUal ba "f idth ° f TX Si8D "' S inStantane ° US P^frequency. Therefore. theSlu K 

h ■ Vu T a P fe - en, P^'^"" ** will emphasize those frequency components that would be attenuated by the PLL. 
Th.s pre-emphasis filter turns out to be a key aspect in the design of this Tx path, yet the proposal in [S2 - e.g. Column 10 lines 6-211 
Error! Reference source not found, is to empioy inverse filtering to th* linear!^ response of the PLL. In th s di e w addre 

SX? aPP 18D 5 prc ' emphasis better - and ^ to adjust il ada " tive ^ 0ur a PP roach i™** £ 

. Implementation complexity - inverse filtering yields a high-order 11R which suffers from stability problems - whereas with our 

fe p r^ ^:t:r which is sub,e! 3,10 often can * ° pera * d *< ^ — ^ - *«• 

. Calibration mechanisms - conventional practice requires calibration mechanisms in order to very accurately calibrate the PIX to 
the pre-defined pre-emphasis filters, whereas with our approach it is possible to avoid these calibration mechanisms and I arfh.mh, 
teal pre-filter to match the anaJoE PLL (and not vise-versa). This is impossible to achieve with the conventional praclS 
taSta!s> t0 Snaramee SUbilily ° f ^ m PI " filter (with ° m Calib ' a,i0 "' SOme PLL ' S wi " sim P'y "°< e^nerate Sle 

• FIR pre-filtermg lends itself naturally into an adaptive mechanism that can be used to track voltage/tempretore/aging etc 
variations of the PLL, and again simplify and improve the design. P wure/aging, etc, 

• Rather than just invert the FLL's transfer function, with our approach it is possible to take the PLL impairments (e.g. phase noises) 
nto account and design the pre-filtcr (we may choose to design either an FIR or an HR) under various optimization ^cr eria c7 

spectral clearness at the output) - thus with our approach it is possible to belter tolerate the different PIX impairmerT 



General Description 

A general block diagram of the system is presented in Figure ] : 
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Figure 1: Fractional-N SD Modulator Block Dingrom 

The conveDtional practice is simply to choose 



C(.w)=H(w)- > 

which yields a complex IIR filter and often requires adding poles/zeros to C(w) to guarantee its low-pass nature above a „mi n 
Batch f off-line) processing 

Our proposal for off-line processing composes of the following steps. 

1 . Build a linear model for the PLL (e.g. according to [SI j). 

2. Add the various impairments, e.g. phase noises, of the different PLL components (Optional step) 

3. Decide on a topology for C (e.g. an FIR of order p, an IIR of orders (p,q), etc). 

4. Calculate C(w} to minimize a pre-defined cost-function so that the overall cost is minimized, i.e. 

C(w) = ArgMin C{w) \Cost{W J)) 
In one embodiment, the cost could be the mean square error (USE), i.e. 

Cost(W,Y) = E{\W(Q-Y(t)\ 2 } 



important). 



Cw ( (iv,y) = E{|iv(o-y(/)| 2 } 

weighted MSB in the frequency domain (e.g. to give more weight to those frequencies where spectral cleanliness is more 



Cost(W, Y) = E{ jP(w) | W(w) ~ Y(w) \ l dw) 
where P{w) is a user-defined, positive, weight function 

If the pie-filter is chosen to be an FIR, then it avoids all stability problems (that are encountered with an ITR implementation) that often 
also influence the fixed-point arithmetic involved (i.e. FIR often requires fewer bils) implementation) that often 

Also stnee we can easily re-calculate the FIR per any value of the PLL parameters (and its stability is guaranteed) it mav avoid »h. 



Adaptive (on-line) pi 

J^rZZT^lTT^, *? here - <^ »• «q»« »»« sort of feedback from the VCO input. output (or 

T« . . antan " a > «" d « s = loop. Then, a vanety of methods simUar to adaptive equalization techniques could be 
employed. Below .s one preferred embodiment As can be seen, the VCO input and the uniques could be 
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Figure 2: Adaptive Pre-Filtering approach - one embodiment 

tLlZKu™' ^ inpU - 10 "* P re - en, P hasis filter is C °<"P^ to the VCO input (after digitization), and accordingly the Pre -filt er i s 
adapted. Thus any tmparrments, offsets, drifts, etc of the analog portion of the PLL would drive the pre-fi ter vafuL to Z «« 
value that rmmmizes the pre-specified adaptive mechanism cost fusion (again an MSE cost^uM be o^e opln Wet LSv 

for compicx anaiog ™ eni & caiibrati ° n mechani - s - • «* ^b^sssw 



Appendix 



Linear Model for the System 

We will make the linear approximation to the system in the phase 
1. Phase detector. 



domain. The system include several elements that ai 



• The phase detector couid be approximated for small phase differences (when the loop is "locked"), simply by the phase difference 
between the reference signal and the divider output. " ' F uiuerente 

• The frequency divider linear model could be derived using the following steps: 

o The division x{t)/N(t) could be broken by the Taylor serious approximation into' 

■ X(t)/(Nnominal+dN<t))=-x<t)/Nnomina!(1-dN(t>) which replaces division by multiplication 
o Further approximation could be made to achieve full linearization. 



The result full linear model of Figure 1 is presented in the following figure: 



The transfer function from x to y is: 
Y(s) _ (K v /N)-H(s)fs 
X(s) l + (K v IN)-H(s)/s 
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*>1 



7 



2-pi-(N+Bela)'Frefl 
Figure 3: Linearized PLL Block Diagram 



Pre-Filter Design 

In order that no significant frequency and phase distortion will occur, the overall transfer function from w to y should be of 0 dB gain 
xCSfc? PhaSC ranee " ^ ° rdCr *° VB C ° nmm '° happen> W nCed 11131 bmsta fwction *° m « t0 

X(s)_ ] + (K v /NyH(s)/s . . . , , 

Equation 2 

If we implement is in a straightforward manner as the inverse IIR to Y(s)/X(s), we wilt run into the following problems- 
• The inverse IIR forces adding zeros and poles in order to stabilize the pre-filler. 

' lilL^Jff f™^. a! frequencies a h«v C f 0 should have low pass nature, and should decline as fast as possible in 
order not to force the S.gma Delta to be in saturation, and not to increase the quantization noise, as a result of that, additional 
poles or filter that will attenuate the frequencies above f 0 . 



* ^SpE^ct? 6 probIera is 11131 we want t0 rcduce ^ sampling rate of ^ pre " filter as much as pos5ible from cutieut 

As a result from the above reasons we applied a FIR MMSE Equalizer, that its fundamentals are taken from the communication theory 
We w,II now denve the MMSE equalizer for the above problem. The system model is described is the following figure: ^' 



n_AWGN(n) 

Figure 4: Equalizer Block Diagram 

Where: 

w - the input signal. 

wjiut - the restored input signal. 

h - is the impulse response of STF(z) 

STF(z) = Y(z)/X{z) as the Bi-Linear transform of Y(s)/X(s) 

n_AWGN - is additive white Gaussian noise. 

g - is the shaping filter of the noise. 

c - the desired equalizer FIR filter. 

Our aim is to find a FIR filter C, that will 
e = w(n)—w{n) 
Equation 3 

Where: 

w(n) = C H V 
V=H-W+N 

~h{M + L) . h(L) 



h(M - L) . h(n-(L-l)) . h(~M-L) 



w(n + M) 



n(n-L) 

Equation 4 



Where: 

2xM+l - is assumed to be the impulse response of STF(z) length. 
2xL+ 1 - is assumed to be the equalizer length, 

N - is the AWGN noise after passing it through filter g. g is selected to be a high pass filter with cutoff above f„, so that the equalizer 
response at high frequencies will be attenuated. uic^uau/.er 
We make the following assumptions: 

1 . From the no correlation between the error and the observations; is • V H }= 0 " . 

2. E{w(n)-n(.n + kY}=Oyk 

4. E\ninynin + k)>}=\ a ^ Q 

From assumption 1 it follows that: 
E{w(.n)-V H }= E{w{nyV") 
Equation 5 

After substitution of Equation 4 into Equation 5 we get: 

4k«> v * }= c" ■ Efr- v "}= c" . e{{h -v+n)- {v" ■ h" + n" )}= 
= C \e{h v v" h h }+e{n-n h }}=c" \h h" -<jI+g-g h ■<] 

Equation 6 

Where: 

G is defined in a similar manner to H with g. 

£{«<«)■ v"}= <rl- [h(L) . h(0) . h(~L)] 

Equation 7 

From Equation 6 Equation 7 and Equation 5, and after applying the Hermit operator we get the MMSE solution to be: 



C =K- R v« = [**• H " ■ a\ + G - G " ■ a\ Y 



HQ 

m 

h{-L) 



Equations 

Note that it is also possible to calculate c empirically. 

One Possible Embodiment 

^/r^vS 6 " 1 ? f N% einVe n°: ^ T ' GMSK m ° Mmi f ° r ™& Standard ' 5 P' esents adulation 
th?a ' >? P a II Fract :°" at ' N Sigma Dcli« modulator at the phase path. The symbols generator generates the baseband Edge symbols. 

^,2 P 7l SP xf T baSeband r t b °' S l ° amp,itiKie 3nd Phas£ Pttlhs - The phttse ^ ™ differentiated to 

, .uduLe die frequency symbols. The frequency symbols are divided by the reference frequency to produce the desired division ratio of 
the .nstantaneous frequency. The instantaneous frequency division ratio is passed through the pre-filler. and then to the Sigma Delta 
converter The output of the s.gma delta is added to the carrier division ratio and passed ad the division ratio serious to thcPLL The 

rZ ,0 u 3 "h ^ f * ? "I" 56 ! ° CalTier freqUenCy - ThC phaSC at lhB Carrier h ^ utnc y is fed imo * e PA ihat to Sain is 

controlled by the output from the phase path, to produce the RF signal. 



•--0 



HF Signal 

Figure 5: Polar Modulator for Edge Block Diagram 

Components 

The invention includes (he following components (relates to Figure !, Figure 3 and Fieure 4V 
. Linearized PUL model. 

• PLL closed loop transfer function. 
■ Noise shaping filter. 

• MMSE equalizer. 

Linearized PLL Model 

The linearized PLL model is described in detail in the section Linear Model for the System, and in F 
calculate the PLL closed loop transfer function that will enable calculating the desired pre-filter. 

PLL Closed Loop Transfer Function 

The PLL closed loop transfer function calculation is described in dclails in the section Linear Model for the System and in Figure 3 In 
general ,t used to calculate the desired pre-filter that will cause the overall response of the instaniancous frequency to be flat in ihe 
desired range of frequencies. ' 

Noise Shaping Filter 

The noise shaping filter is described in detail in the section Pre-Filler Design and in Figure 4. [n general it used to shape a high doss 
no.se for frequencies above f 0 . so that the MMSE equals response will be flat for frequencies below f, and low |Z in nZc 'for 



e 3. In general it used tc 



MMSE Equalizer 
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(PROVIDE SAME INFORMATION AS ABOVE FOR EACH ADDITIONAL INVENTOR) 
2. TlUe of Invention: ' 

Apparatus and Method to Design Digital Pre-Filter for Sigma-Delta Fractional-N Modulator 



3. What technology/producl/process (code name) does your invention relate to (be specific if you can) 
.3-Polnt. Millercreek, Ahwalukee 



4. Include several key words to o 


escribe the technology area of !he invention in addil 


on to # 3 above: 


Polar 8PSKA3MSK Modulator, Sfg 


ma Delia Converter, Fractlonai-N PLL 





5. Stage of development (i.e. % compfeto, simulations done, test chips if any, etc.): 
70 % complete 



6a. Has a description of your inveniion been (or planned io be) published outside of Intel: No 

If YES, was the manuscript submitted for pre-publication approval through Ihe Author Incentive Program: 

If YES, please identify the publication and the data published: 
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9b. Has your invention been used/sold or planned to be used/sold by Intel or others? Yes 



If YES, date it was sold or will be sold: 

According to 3-Point, Milteroreek, Ahwatukee schedutes 



6a Does this Invention rotate to technology that la or will be covered by a SIG (special interest group)/standard or specification? 
If YES, name of SIG/standaraYspecificatlon: 



6d. if the Invention Is embodied in a semiconductor device, actual or anticipated date of tapeout? 
According to 3-Polnt, Mlllercreek, Ahwatukee schedules 



I Be. If the invention is software, actual or anticipated date of any beta tests outside Intel: 



7. Was the invention conceived or constructed in collaboration with anyone other than an Intel blue badge employee 
or in performance of a project Involving entities other than Intel (e.g. government, other companies, universities 
or consortia)? No If YES, name of individual or entity: 



Name of individual or entity: 



3. Is mis invention related to any other invention disclosure that you have recently submitted? If so. please give the title and" 
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fieferencos 

[SI] M. H, Perrot and M. D. Troftv "A Modeling Approach for 2-A Fractional-N Frequency Synthesizers Allowing Straightforward 

Noise Analysis", IEEE Journal cfSoltdState Circuits, Vol. 37, pp 1028-1038 .August 2002. 
[S2] Patent 6,008,703: M.H. Perrott, "Digital Compensation for Wideband Modulation of Phase-Lccked-Loop Frequency 

Synthesizer", 

Background 

Fractional N sigma-dclta modulation is gaining significant interest in the cellular industry as this is. a very cost-effective architecture 
for the transmission path of digitally modulated signals. In feet, ail future GSM/GPRS/EDGE chipsets that we investigated employ this 
technology (3 different vendors)! The key idea is to employ polar modulation, i.e. to separate the signal into its instantaneous 
amplitude and phase/frequency components (rather than to the classical 1 & Q components), and modulate these components 
independently. White the amplitude path uses some sort of plain AM modulation technique, the phase path uses the PLL as the phase 
modulator. As explained in [5l]-[S2] , the key difficulty with thfe approach is that the PLL bandwidth must be quite small to allow 
reasonable operation, much smaller than the actual bandwidth of the Tx signal's instantaneous phase/fiequency. Therefore, the solution 
proposed in [S2] is to use a pre-emphasls filter that will emphasize those frequency components that would be attenuated by the PLL. 
This pre-emphasis filter turns out to be a key aspect in the design of this Tx path, yet the proposal in [S2 - e.g. Column 10 lines 6-21] 
is to employ inverse filtering to the linearized response of the PLL. In this disclosure we address methods and apparatus to design this 
pre-emphasis better, and possibly to adjust it adaptively. Our approach provides the following advantages: 

• Implementation complexity - inverse filtering yields a high-order IIR which suffers from stability problems ■ whereas with our 
approach we are able to utilize an FIR which is always stable! and often can be operated at much lower sampling rates and with 
fewer bits (i.e. smaller word length) . 

» Calibration mechanisms - conventional practice requires calibration mechanisms in order to very accurately calibrate the PLL to 
the pre-defined pre-emphasis filters, whereas with our approach it is possible to avoid, these calibration mechanisms and adjust the 
djgM pre-flller to match the sagjog PLL (and not vise-versa). This is impossible to achieve with the conventional practice 
because of the need to guarantee stability of the IIR pre-filter (without calibration, some PLL's will simply not generate stable 
inverse filters). 

• PER. pre-filtering lends itself naturally into an adaptive mechanism that can be used to track voltage/tempretaure/aging,,etc, 
variations of the PLL, and again simplify and improve the design. 

• Rather than j ust invert the PLL's transfer function, with our approach it is possible to take the PLL impairments (e.g. phase noises) 
into account and design the pre-filter (we may choose to design either an FIR or an IIR) under various optimization criteria (e.g. 
spectral cleanliness at the output) - thus with our approach it is possible to better tolerate the different PLL impairments. 



General Description 

A general block diagram of the system is presented in Figure 1 : 
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Figure 1: Fractional-N SD Modulator Block Diagram 

As explained above, this patent application is about designing the pre-filter "C". In order that the instantaneous signal (w) be 
transferred to the VCO input (y) with minimal distortion, the overall response from w to y should be close to flat, in order to decide 
what is the optima] pre-filter to use, one often takes the following steps: 

1. Build a linear model for the PLL of Figure 1 (e.g. according to [1]), and calculate the transfer function from * to y in Figure I. 
Denote this transfer function by H{w}. B 

2. Design a pre-filter such that the overall response from w to y will be flat in the desired frequency range, and low pass in nature 
S« S^SoSbS* ^ reaS ° a foW " PaSS " atUre ^ ** PUrP0SC ° f atteQUating ^ < l uanti2ati0n noisc generated by 

The conventional practice is simply to choose 

which yields a complex IJR filter and often requires adding poles/zeros to C(w) to guarantee its low-pass nature above a certain 
frequency (there is no point to invert the PLL response in those region where there is no significant frequency component of the Tx 
s.gnal) and/or to stabilize C(w) [S2J. Note that this inverse filtering is quite problematic, as H(w) is very narrow-band hence its 
inverse is a filter with extremely large gain. 

Batch (off-Unel processing 

Our proposal for off-line processing composes of the following steps. 

1. Build a linear model for the PLL (e.g. according to [SI J). 

2. Add the various •impairments, e.g. phase noises, of the different PLL components (Optional step) 

3. Decide on a topology for C (e.g. an FIR of order p, an IIR of orders (p,q), etc). 

4. Calculate C(w) to minimize a pre-defined cost-function so that the overall cost is minimized, i.e. 

C(w) = ArgMm C{v) {Cost{W,Y)} 
In one embodiment, the cost could be the mean square error (MSE), i.e. 

CostQV, Y) = E{\ W (r) - 7(f) j 5 ) 
impoiif Md in ** frCqUenCy d ° m8in (e ' 6, t0 0W m ° re Weight to * 0Se fre£ J uencies where «P«*ri cleanliness is more 

Cost{WJ) = E{]p(w)\W(n)~Y{w)\ 2 dw) ... 
where P(w) is a user-defined, positive, weight function. • - 
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It should be noted that these particular costs can be easily minimized using equalization Theory, as is detailed in the Appendix. In other 
embodiments, other cost functions may be utilized e.g. those that measure spectral cleanliness of the overall Tx signal. We note that for 
the particular MSE cost functions, Step 2 above is redundant when all impairments can be represented as additive noise terms, as 
different choices of C(w) wilt not affect that total contribution of these additive impairments to the MSE or weighted MSE cost. 

If the pre-filter is chosen lo be an FIR, then it avoids all stability probJeras (that are encountered with an ITR implementation) that often 
also influence the fixed-point arithmetic involved (i.e, FIR often requires fewer bits). 

Also, since we can easily re-oalciilate the FIR per any value of the PLL parameters (and its stability is guaranteed), it may avoid the 
need for calibration mechanisms, while with the 11R approach it is common that people need to "hand-craft" an IJR to a specific setting 
[32] - hence the PLL should be calibrated to that specific setting. 



Adaptive (on-line^ processing 

There are numerous approaches that can be followed here, they all require some sort of feedback from 
further away e.g. the antenna) to close the loop. Then, a variety of methods similar to adaptive 
employed. Below is one preferred embodiment. As can be seen, the VCO input and the 
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Figure 2: Adaptive Pre-Filtering approach - one embodiment 

As can be seen, the input to the pre-emphasis filter is compared to the VCO input (after digitization), and accordingly the pre-filter is 
adapted. Thus, any impairments, offsets, drifts, etc of the analog portion of the PLL would drive the pre-filtcr values to that setting 
value that minimizes the pre-specified adaptive mechanism cost function (again an MSE cost could be one option). Hence potentially 
avoiding the need for complex analog measurement & calibration mechanisms, as any variations would be compensated for by the 
adaptive algorithm. 
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Linear Model for the System 

We will make the linear approximation to the system in the phase domain. The system include several elements that are non-linear: 

1. Phase detector, 

2. Frequency divider, 

• The phase detector could be approximated for small phase differences {when the loop is "locked"), simply by the phase difference 
between the reference signal and the divider output. 

• The frequency divider linear model could be derived using the following steps; 

o The division x(t}/N(t) could be broken by the Taylor serious approximation into: 

» X{ty(Nnominal+dN(t)) ! ='-x(t}/Nnominal(1-dNCt}) which replaces division by multiplication, 
o Further approximation could be made to achieve full llnesrization. 

The result full linear model of Figure 1 is presented in the following figure: 




The transfer function from x to y is; 
Equation 1 



► V 2*pl'(N+Beta)'Frer*t 
Figure 3; Linearized PLL Block Diagram 



Pre-Filter Design 

In order that no significant frequency and phase distortion will occur, the overall transfer funciion from w to y should be of 0 dB gain 
up to frequency f 0 , and linear phase in that range. In order for the above condition to happen, we need that transfer function from w to 
x up to f 0 to be: 

Wis)' (K y /N).H( S )/s '*<°J-*-*- f.f<f* 
Equation 2 

If we implement is in a straightforward manner as the inverse IIR to Y(s)/X(s), we will run into the following problems: 

• The inverse IIR forces adding zeros and poles in order to stabilize the pre-filter. 

• The pre-filter frequency response at frequencies above f 0 should have low pass nature, and should decline as fast as possible in 
order not to force the Sigma Delta to be in saturation, aod not to Increase the quantization noise, as a result of that, additional 
poles or filter that will attenuate the frequencies above f 0 , 
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• The order of the pre-filter could not be a design parameter, but should have a one to one relation to the order of the closed loop 
transfer fanction. 

• Another aspect of the problem is that we want to reduce the sampling rate of the pre-filter as much as possible from current 
consumption aspects. , 

As a result from the above reasons we applied a FIR MMSE equalizer, that its fundamentals are taken from the communication theory. 
We will now derive the MMSE equalizer for the above problem, The system mode! is described is the following figure: 



w(n) 


h 


■ x(n) > Q 


v(n) > 


c 









n_AWGN(n) 

Figure 4: Equalizer Bioek DiagrB/n 

Where: 

w-the input signal. 

wjrot - the restored input signal. 

h - is the impulse response of STF(z) 

STF(z) = Y(z)/X(z) as the Bi-Linear transform of Y(s)/X{s) 

u_AWGN - is additive white Gaussian noise. 

g - is the shaping filter of the noise. 

c - the desired equalizer FIR filter. 

Our aim is to find & FIR filter C, that will minimize the mean square error that is defined as: 
e = w{n) ~ w(») 

Equation 3 
Where: 

w(n) = C H .V 
V^H-W+N 
~h{M + L) 



KM) 
h{M - L) 

■w(n+M) 

n{n) 
n{n-L)_ 



h(L) 
h(0) 



K-M+L) 

K-M) 
h(-M-L) 
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Equation 4 

Where: 

2xM-H - is assumed to be the impulse response of STF(z) length. 
2xL+l - is assumed to be the equalizer length. 

N - is the AWGN noise after passing it through filter g. g is selected to be a high pass filter with cutoff above f 0 , so that the equalizer 
response at high frequencies wOi be attenuated. 
We make the following assumptions: 

1 . From the no correlation between the error and the observations: E\e(n) ■ V ) = 0 H . 

From assumption I it follows that 
E{w(n)-V"}<*E{w(M)-7 H } 

Equation S 

After substitution of Equation 4 into Equation 5 we get 

E {w( ») ■ V" } = C " ■ E {V ■ V " } = C " - E {h V + N ) ■ (v H ■ H" + N " )} = 
= C" \E{H'7r" .H h }+e\n-W^=C h \h*H h -al+G-G" -ol\ ' 

^ = E\n A ^{nf) 
Equation 6 
Where: 

G is definedm a sirai lar manner to H with g. 
E\»<nyV H }~<rl-{h(L) . h(Q) . h(-L)] 
Equation 7 

From Equation 6 Equation 7 and Equation 5, and after applying the Hcnnit operator we gel the MMSE solution to be: 

~KQ' 

Equation S 

Note that it is also possible to calculate c empirically. 

One Possible Embodiment 

One possible embodiment of the invention Is as 8PSK / GMSK modulator for the Edge standard. Figure 5 presents a polar modulation 
loop that employ Fractional-N Sigma Delta modulator at the phase path. The symbols generator generates the baseband Edge symbols. 
The Amplitude Phase Splitter, splits the baseband symbols to amplitude and phase paths. Tile phase path symbols are differentiated to 
produce the frequency symbols. The frequency symbols are divided by the reference frequency to produce the desired division ratio of 
the instantaneous frequency. The instantaneous frequency division ratio is passed through the pre-filter, and then to the Sigma Delta 
converter, The output of the sigma delta is added to the carrier division ratio and passed ad the division ratio serious to the PLU The 
Fractional-N PLL modulates the phase to carrier frequency. The phase at the carrier frequency is fed into the PA that its gain is ' 
controlled by the output from the phase path, to produce the RF signal. 



C « R;t ■ R m = [H ■ H H ■ crl + G ■ G H • a I 
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Figure 5: Poiar Motluictor for Edge Block Diagram 
Components 

The invention includes the following components (relates to Figure 1 , Figure 3 and Figure 4): 

♦ Linearized PLL model. 

• PLL closed loop transfer function. 
« Noise shaping filter, 

» MMSE equalizer. 

Linearized PLL Model 

The linearized PLL model is described In detail in the section Linear Model for the System, and in Figure 3, In general it used to 
calculate the PLL closed loop transfer function that will enable calculating the desired pre-filter. 

PLL Closed Loop Transfer Function 

The PLL closed loop transfer function calculation is described in details in the section Linear Model for the System, and in Figure 3 In 
general it used to calculate the desired pro-filter that will cause the overall response of the instantaneous frequency to be flat in the 
desired range of frequencies. 

Noise Shaping Filter 

The noise shaping filter is described in detail in die section Pro-Filter Design and in Figure 4. In general it used to shape a high pass 
noise for frequencies above f 0l so that the MMSE equalizer response will be flat for frequencies below L and low pass in nature for 
frequencies above f 0 . 
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MMSE Equalizer 

The MMSE equalizer is described in detail in the section Pre-Filter Design and in Fi|ure 4. In general it used to design a FIR filter that 
will cause the overall response to be flat for frequencies below fo, and low pass in nature for frequencies above ft. 
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Invention Additional Information 

1. Describe In detail what the components of the Invention are and how the invention works. 

The component of the invention are described in Figure 6", and comprises: 

Polar loop Tx path composed of a Frac-N Sigma Delta modulator, Cartesian to polar coordinate transformer and PA. 
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Figure 6: Polar Loop Tx - General BloekDiagram 

The Frac-N Sigma Delta modulator is composed of: Pre-Filter, Sigma Delta converter and a Frac-N PLL with programmable division 
ratio {for detai Is refer to Figure 1 ). 



2. Describe advantage(s) of your Invention over what Is currently being done, 

This pre-emphasis filter turns out to be a. key aspect in the design of this Tx path, yet the proposal in [S2 - e.g. Column 10 lines 6-21] 
is to employ inverse filtering to the linearized response of the PLL. In this disclosure we address methods and apparatus to design this 
pre-emphasis better, and possibly to adjust it adaptively. Our approach provides the following advantages: 

• Implementation complexity - inverse filtering yields a high-order IIR which suffers from stability problems - whereas with our 
approach we are able to utilize an FIR which is always stable! and often can be operated at much lower sampling rates and with 
fewer bits (i.e. smaller word length) . 

■ Calibration mechanisms - conventional practice requires calibration mechanisms m order to very accurately calibrate the PLL to 
the pre-defined pre-emphasis filters, whereas with our approach it is possible to avoid these calibration mechanisms and adjust the 
djgM pre-filter to match the ana lo g PLL (and not vise-versa). This is impossible to achieve with the conventional practice 
because of the need to guarantee stability of the UR pro-filter (without calibration, some PLL's will simply not generate stable 
inverse filters). 

• FIR pre-filtering lends itself naturally into an adaptive mechanism, that can be used to track voltage/tempretaure/aging, etc, 
variations of the PLL, and again simplify and improve the design. 

« Rather than just invert the PLL's transfer function, with our approach it is possible to take the PLL impairments (e.g. phase noises) 
into account aid design the pre-fitter (we may choose to design cither an FIR or an IIR) under various optimization criteria (e.g. 
spectral cleanliness at the output) - thus with our approach it is possible to better tolerate the different PLL impairments. 

3. You MUST include at least one figure illustrating the invention. If the invention relates to 
software, include a flowchart or pseudo-code representation of the algorithm, 

Figure I , Figure 2 and Figure 6 gives a description of how the invsntion works. 

4. Value of your invention to Intel (how will it be used?). 
It may be used in Intel's GSM/GPRS/EGPRS RF products. 

5. Explain how your invention is novel. If the technology itself is not nsw, explain what makes it 
different. 

The invention is novel in the sense that a different pre-filtcring approach is used. It allows simpler pre-filtering and does 
.not require accurate calibration mechanisms as are required in the prior art. 

6. Identify the closest or most pertinent prior art that you are aware of. 
Reference [S2], is the closest prior art that we are aware of. 
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7. Who is likely to want to use this invention or infringe the patent If one is obtained and how would 
infringement be detected? 

The parties that may try to infringe the patent are the companies that deal with RP communication; 
Motorola , EPMD, ADI and others. 

HAVE YOUR SUPERVISOR READ AND FORWARD IT ELECTRONICALLY 
VIA E-MAIL TO "INVENTION DISCLOSURE SUBMISSION" 

DATE: SUPERVISOR: . ' ' 



BY APPROVING, I (SUPERVfSOR) ACKNOWLEDGE THAT I HAVE READ AND UNDERSTAND THIS 
DISCLOSURE, AND RECOMMEND THAT THE HONORARIUM BE PAID 



